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(54) Vapour deposition apparatus 
and epitaxial layer growth methods 

(57) An apparatus for vapour 
deposition of semiconductor materials 
on a semiconductor wafer includes a 
reaction chamber (1 1 ), an inlet (12) for 
introducing a reaction gas into the 
reaction chamber, and an outlet (13) for 
discharging spent reaction gases from 
the chamber. A support means (14) is 
provided within the chamber (11), and 
means (1 5) is provided for rotating the 
support means about an axis thereof. A 
susceptor (17) is mounted on the 
support means (14) at an angle which is 
an acute angle to the axis of the support 
means, being neither horizontal nor 
vertical, and supports a semiconductor 
wafer (16) positioned against it. During 
a chemical reaction which deposits a 
semiconductor material on the wafer 
(16), the wafer is rotated about an axis 
of the susceptor (17) on which it is 
supported and also is rotated about a 
central axis of the reaction chamber (11) 
in a direction normal to a direction in 
which the reaction gas enters the 
chamber. 
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SPECIFICATION 

Vapour deposition apparatus and epitaxial layer 
growth methods 

5 

This invention relates to vapour deposition appara- 
tus for growing a layer (for instance a layer of a 
semiconductor material) on a semiconductor wafer 
by vapour deposition, for example chemical va- 
10 pour deposition (VCD) or metal-organic chemical 
vapour deposition (MOCDV), and to methods of 
growing an epitaxial layer on a semiconductor 
layer. 

Previously proposed apparatus for vapour depo- 

15 sition can be divided into apparatus of two distinct 
types. One type comprises a reaction tube, gener- 
ally made of quartz and disposed horizontally, 
through which a reaction gas is passed from one 
end to the other. A support plate or susceptor is 

20 disposed within the reaction tube for supporting a 
semiconductor wafer or the like on which reaction 
products are grown epitaxiaily. The susceptor is 
heated by a high frequency coil so that the wafer 
or wafer substrate reaches a temperature suitable 

25 for deposition of a semiconductor layer compound 
as an epitaxial layer on the wafer. The second type 
of vapour deposition apparatus employs a reaction 
tube or chamber comprising, for example, a bell 
jar having a longitudinal axis, the reaction gas 

30 being caused to travel from an upper portion of 
the jar to a lower portion thereof. A support plate 
comprising a susceptor which supports a semicon- 
ductor wafer is located substantially perpendicu- 
larly to the direction in which the reaction gas is 

35 introduced. In this type of apparatus, the susceptor 
is rotated within a horizontal plane while being 
heated and while the reaction gas inpinges verti- 
cally on the wafer. 
Whether the previously proposed deposition ap- 

40 paratus employs a reaction tube of the horizontal 
type of the longitudinal type, it is frequently diffi- 
cult to carry out a uniform epitaxial growth on the 
semiconductor wafer. In the horizontal type appa- 
ratus, since the semiconductor wafer is disposed 

45 substantially along the lines of flow of the reaction 
gas there tends to be a difference in the growth 
velocity between portions which are upstream and 
downstream of this inlet. Such a difference in 
growth speed becomes quite substantial when the 

50 number of semiconductor wafers is increased. In 
the longitudinal type apparatus, the vapour growth 
speed is different relative to the radial direction of 
the susceptor and, therefore, the composition of 
the epitaxiaily grown layer is not uniform. 

55 According to one aspect of the invention there is 
provided a vapour deposition apparatus for grow- 
ing a layer on a semiconductor wafer by vapour 
deposition, the apparatus comprising: 
a reaction chamber, 

60 inlet means for introducing a reaction gas into 
the reaction chamber, 
a support means in the reaction chamber, 
means for rotating the support means about an 
axis thereof, 



and having an axis thereof disposed at an acute 
angle to the axis of the support means, the suscep- 
tor means being arranged so that a semiconductor 
wafer can be positioned against it, and 
70 means for rotating the susceptor means about its 
axis. 

According to another aspect of the invention 
there is provided a method of growing an epitaxial 
layer on a semiconductor wafer, the method com- 
75 prising: 

positioning the wafer on a susceptor capable of 
being inductively heated by high frequency electro- 
magnetic radiation in the reaction zone, 

directing substantially downwardly through the 
80 reaction zone a reaction gas which reacts under 
the temperature conditions in the reaction zone to 
form a layer on the wafer, 

rotating the susceptor and the wafer during such 
reaction about an axis of the susceptor which is in- 
85 dined from both horizontal and vertical planes of 
the reaction zone, and 

rotating the susceptor and the wafer during such 
reaction about a substantially vertical rotational 
axis. 

90 A preferred embodiment of the present invention 
described hereinbelow provides a method and ap- 
paratus for vapour deposition suitable for use in 
conjunction with metal-organic chemical vapour 
deposition (MOCDV) and other chemical vapour 

95 deposition (CVD) processes. It provides an appara- 
tus which is capable of depositing on a wafer a va- 
pour deposition layer which is uniform in thickness 
and composition. Through the use of the appara- 
tus, the vapour growth speed and composition of a 

100 layer grown on a semiconductor wafer can be 
made uniform. The preferred apparatus and 
method also avoid disadvantages such as the oc- 
currence of polycrystalline growth and the like in 
the process of epitaxial growth. 

105 In the preferred embodiment, a reaction gas con- 
taining compounds which decompose under the 
reaction conditions to form a desired semiconduc- 
tor layer is passed into a reaction tube, such as a 
bell jar, of the longitudinal type in a vertical direc- 

110 tion from an upper portion to a lower portion so 
that the reaction gas flows mainly in the vertical 
direction. A plurality of support tables or suscep- 
tors for supporting wafer substrates or wafers on 
which vapour deposition growth is to be carried 

115 out are disposed concentrically about the central 
axis of the reaction tube in which the reaction gas 
is travelling at an angle which is neither perpendic- 
ular to the main direction of flow of the reaction 
gas nor parallel thereto but has a predetermined 

120 inclination to both directions. Means is provided in 
association with the susceptors for rotating the re- 
spective susceptors on their own axes while sup- 
porting planes thereof are at the above-mentioned 
inclination. While the susceptors are rotated about 

125 the angularly disposed axes, they are also rotated 
within the reaction tube along a substantially hori- 
zontal plane, that is a plane substantially normal to 
the flow of the reaction gases within the tube. 
Since the susceptors for supporting the semicon- 
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also revolve with a predetermined inclination rela- 
tive to the flow of the reaction gas, the semicon- 
ductor wafer on each of the susceptors contacts 
the flow of the reaction gas under substantially 
5 uniform conditions. Therefore, the growth speed 
and the composition can be made uniform with re- 
spect to all the semiconductor wafers and to por- 
tions within each semiconductor wafer. 
The invention will now be further described, by 
10 way of illustrative and non-limiting example, with 
reference to the accompanying drawing, in which: 
Figure 1 is a somewhat schematic view of a pre- 
viously proposed apparatus of the horizontal type 
used for chemical vapour deposition; 
15 Figure 2 is a somewhat schematic view of a pre- 
viously proposed apparatus of the vertical type 
used for vapour deposition processes; and 

Figure 3 is a longitudinal cross-sectional view of 
a vapour deposition apparatus embodying the 
20 present invention, 

A previously proposed form of vapour deposi- 
tion apparatus used for chemical vapour deposi- 
tion processes such as MOCVD is shown in Figure 
1. The apparatus comprises a reaction tube 1 of 
25 the horizontal type, composed of quartz, through 
which a reaction gas is passed from one end to the 
other as shown by arrows. Inside the reaction tube 
there is disposed a support plate or susceptor 3 
made of graphite or the like for supporting a sub- 
30 strate or semiconductor wafer 2 on which vapour 
deposited epitaxial growth is to occur. The reaction 
gas flows across a face of the semiconductor wafer 
2 as shown. The susceptor 3 is heated by a high 
frequency coil 4. The semiconductor wafer 2 sup- 
35 ported on the susceptor 3 is thus heated to a pre- 
determined substrate temperature, and a desired 
CVD layer such as a compound semiconductor 
layer is grown epitaxially on the semiconductor 
wafer 2 by thermal decomposition of the reaction 
40 gas which passes over the semiconductor wafer 2 
while in contact therewith. 

A second previously proposed form of vapour 
deposition apparatus is illustrated in Figure 2. This 
comprises a reaction chamber located in a bell jar 
45 1 made of quartz or the like. A reaction gas is sent 
from an upper portion to a lower portion of the 
bell jar 1 as illustrated by arrows. A support plate 
such as a susceptor 3 supports a semiconductor 
wafer 2 in substantially normal relationship to the 
50 flow of the reaction gas, namely in a horizontal 
plane, and the susceptor 3 is rotated within the 
horizontal plane. 

Both of the illustrated previously proposed forms 
of apparatus are subject to the disadvantage that 
55 the speed of deposition and growth varies and the 
composition of the deposited material is likely to 
be non-uniform. 

Figure 3 shows a vapour deposition apparatus 
embodying the present invention, which includes a 
60 reaction tube 11 of the longitudinal type which 
comprises, for example, a quartz bell jar. A supply 
inlet 12 for a reaction gas is formed at the upper 
end of the reaction tube 11 substantially on its 
axis, and an exhaust outlet 13 for discharging 



of the reaction tube 11, for example, as shown, on 
one side. In this way, the main flow of the reaction 
gas is substantially along the axis of the reaction 
tube 11, which is indicated by a chain-dotted line. 

70 Along this axis there is supported a support means 
of a drive motor 15. 

At least one disc-shaped support table 17, consti- 
tuting a susceptor for supporting a semiconductor 
wafer 16, is pivotally mounted at the upper end of 

75 the rotary shaft 14. Preferably, as shown, a plural- 
ity of such susceptors 17 for supporting respective 
wafers 16 are so mounted. The susceptors 17 are 
disposed at an equal angular spacing around the 
shaft 14. For example, if three susceptors 17 are 

80 provided, the susceptors are disposed with an 
equal angular spacing of 120° between them about 
the shaft 14. Each susceptor 17 is disposed such 
that a planar surface thereof on which the semi- 
conductor wafer 16 is placed faces the inner wall 

85 or surface of the reaction tube 11 with an inclina- 
tion which is between the horizontal and the verti- 
cal. Each susceptor 17 is positioned such that an 
axis thereof which is perpendicular to the planar 
surface thereof, that is, the direction of the plane 

90 on which the semiconductor wafer 16 rests, inter- 
sects the main flow direction of the reactive gas or 
the vertical direction at a predetermined angle 9, 
which lies, for example, in the range of 80° to 10°. 
Each susceptor 17 is pivoted to the shaft 14 so as 

95 to be freely rotatable by virtue of a boss 19, having 
a cylindrical recess, which is formed at the back of 
the susceptor 17. A cylindrical shaft 18 extending 
from the shaft 14 extends into the boss 19. Rota- 
tion means is provided to rotate each of the sus- 

100 ceptors 17 about its own axis. The rotation means 
may, for example, comprise a bevel gear 20 on the 
outer peripheral surface of each disc-shaped sus- 
ceptor 17 which meshes with a crown gear 21 lo- 
cated about the rotation shaft 14 and concentric 

105 therewith. The crown gear 21 is located within a 
horizontal plane perpendicular to the shaft 14. 

When a high frequency coil 22 is supplied with 
high frequency energy, it heats the or each suscep- 
tor 17 by induction so as to heat the semiconduc- 

110 tor wafer to a predetermined temperature. 

The or each susceptor 17 located within the reac- 
tor tube 11 is made of graphite or silicon carbide 
(SiC) and the shaft 14, the crown gear 21 and the 
bevel gear 20 are each made of quartz, graphite, a 

115 refractory ceramic or SiC, which are inert materials 
and do not produce impurity gases, and which also 
have good heat-resistant properties. The or each 
susceptor 17 can be moulded integrally with the 
bevel gear 20 that is provided on the outer periph- 

120 ery of the susceptor 17 or the support plane for 
supporting the semiconductor wafer 16 and the be- 
vel gear 20 provided on the outer periphery can be 
made independently of different materials. Conse- 
quently, they can be integrated together. Various 

125 methods of construction can be employed. When 
the or each susceptor 17, particularly the boss 19 
thereof, and the shaft 14, particularly the cylindrical 
shaft 18 projecting therefrom, are made of graph- 
ite, the boss 19 and the shaft 18 can slide smoothly 

««™ > ♦« «lKnt- onH tho rorontnr 17 ran 
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be rotated smoothly. 

In the above-described vapour deposition appa- 
ratus embodying the invention, when the vapour 
reaction medium includes components for making 
5 the compound semiconductor AlGaAs, together 
with a carrier gas, such as hydrogen gas, the reac- 
tion gas may comprise trimethyl aluminium, trime- 
thyl gallium, and arsine. The reaction gas mixture 
is supplied to the reaction tube 11 through the 

10 supply inlet 12 with a predetermined molecular ra- 
tio. In this way, the gases are allowed to contact 
the semiconductor wafer 16 placed on the suscep- 
tors or supporting tables 17. The shaft 14 is then 
rotated by the drive motor 15. All of the susceptors 

15 17 supported by the shaft 14 are rotated or re- 
volved around the shaft 14 with a predetermined 
positional relationship being maintained through- 
out the rotation of the shaft 14. At the same time, 
each of the susceptors 17 is rotated on its own axis 

20 by the engagement of the crown gear 21 with the 
bevel gear 20 provided with the periphery of the 
susceptor. Consequently, while each of the semi- 
conductor wafers 16 supported on the susceptors 
17 is being rotated on its axis, it is also being re- 

25 volved about the axis of the reaction tube 11. Thus, 
the respective portions of each of the semiconduc- 
tor wafers 16 supported on the susceptor 17 are 
impinged upon the flow of reaction gas under sub- 
stantially the same conditions. 

30 The or each susceptor 17 is shown as supporting 
a single semiconductor wafer 16. However, it is 
also possible for a plurality of semiconductor waf- 
ers 16 to be supported on the or each susceptor 
17. 

35 As described above, since the semiconductor 
wafer 16 is rotated on its own axis and also re- 
volved within the reaction tube 11, all of the semi- 
conductor wafers 16 can be contacted uniformly 
with the reaction gas over their entire areas. There- 

40 fore, it is possible to avoid or at least reduce non- 
uniformities in the reaction speed and the compo- 
sition being deposited. 

Furthermore, since the or each susceptor 17 is 
positioned so that the surface of the semiconduc- 

45 tor wafer 16 does not face the flow of the reaction 
gas, the reaction gas can be prevented from stay- 
ing in the region of the surface of the semiconduc- 
tor wafer 16 whereby the semiconductor wafer 16 
always is in contact with a new increment of the 

50 reaction gas so that the vapour growth can be car- 
ried out positively. Consequently, it is possible to 
avoid difficulties such as the occurrence of poly- 
crystalline substances in the process of epitaxial 
growth. 

55 Although the or each susceptor 17 generally 
tends to have a high heating temperature at its 
outer peripheral portion located near the heating 
coil 22, the bevel gear 20 on the outer periphery of 
the susceptor 17 engages with the crown gear 21 

60 so as thereby to radiate the heat away. Accord- 
ingly, the present vapour deposition apparatus has 
the advantage that the temperature difference be- 
tween the central portion and the outer peripheral 
nnrtion r»f the snsrftntnr 17 ran he made relativelv 



vapour reaction or the vapour epitaxial growth can 
be carried out uniformly. 

CLAIMS 

70 

1. A vapour deposition apparatus for growing a 
layer on a semiconductor wafer by vapour deposi- 
tion, the apparatus comprising: 

a reaction chamber, 
75 inlet means for introducing a reaction gas into the 
reaction chamber, 

outlet means for discharging spent reaction gas 

from the reaction chamber, 

a support means in the reaction chamber, 

80 means for rotating the support means about an 
axis thereof, susceptor means provided on the 
support means and having an axis thereof dis- 
posed at an acute angle to the axis of the support 
means, the susceptor means being arranged so 

85 that a semiconductor wafer can be positioned 
against it, and 

means for rotating the susceptor means about its 
axis. 

2. Apparatus according to claim 1, wherein a 
90 plurality of susceptors are arranged concentrically 

about the support means and the inlet means is ar- 
ranged to direct reaction gas substantially down- 
wardly at the angularly disposed plurality of 
susceptors. 

95 3. Apparatus according to claim 2, wherein the 
plurality of susceptors are disposed with their axes 
at inclinations of from 10° to 80° with respect to the 
rotational axis of the support means. 

4. Apparatus according to claim 1, claim 2 or 
100 claim 3, including means for supplying the inlet 

means with a reaction gas containing compounds 
which will decompose to cause the layer grown by 
the vapour deposition to be of AlGaAs. 

5. Apparatus according to any one of the pre- 
105 ceding claims, wherein the susceptor is a disc- 
shaped susceptor including a boss on a back sur- 
face thereof, a cylindrical shaft projects from the 
support means and is received in the boss, a bevel 
gear is formed on the outer peripheral surface of 

110 the disc-shaped susceptor, and a crown gear con- 
centric with the rotational axis of the support 
means meshes with the bevel gear. 

6. Apparatus according to claim 5, wherein the 
disc-shaped susceptor is composed of graphite. 

115 7. Apparatus according to claim 5, wherein the 
disc-shaped susceptor is composed of SiC. 

8. Apparatus according to claim 5, wherein the 
crown gear and the bevel gear are made of quartz, 
graphite, a refractory ceramic, or SiC. 

120 9. A method of growing an epitaxial layer on a 
semiconductor wafer, the method comprising: 
positioning the wafer on a susceptor capable of 
being inductively heated by high frequency electro- 
magnetic radiation in a reaction ?one, 

125 directing substantially downwardly through the re- 
action zone a reaction gas which reacts under the 
temperature conditions in the reaction zone to 
form a layer on the wafer, 
rotating the susceptor and the wafer during such 
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dined from both horizontal and vertical planes of 
the reaction zone, and 

rotating the susceptor and the wafer during such 
reaction about a substantially vertical rotational 
5 axis. 

10. A method according to claim 9, wherein the 
susceptor is composed of graphite or SiC. 

11. A method according to claim 9 or claim 10, 
wherein the reaction gas contains compounds 

10 which decompose to form a layer of AIGaAs on a 
surface of the wafer. 

12. A method according to claim 9, claim 10 or 
claim 11, which includes inductively heating the 
susceptor from outside of a reaction chamber con- 

15 taining the wafer and susceptor. 

13. A vapour deposition apparatus substantially 
as herein described with reference to Figure 3 of 
the accompanying drawing. 

14. A method of growing an epitaxial layer on a 
20 semiconductor layer, the method being substan- 
tially as herein described with reference to Figure 3 
of the accompanying drawing. 
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